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Abstract

Forty years after conversion from chaparral to perennial veldt grass in the San Dimas Experimental Forest, we compared
land surface and soil properties between areas of the two vegetation types. Our objective was to evaluate the impact of this
vegetation conversion on the soil physical properties likely to impact zero-order watershed hydrology. In three watersheds of
each vegetation type, surface cover and soils were described within five watershed elements. Surface cover is approximately
90% in both vegetation types, but the frequency of individual plants is significantly higher in converted watersheds, leading to
significantly lower variability in surface cover between grass watersheds. In chaparral watersheds, very fine to very coarse roots
extend laterally and downwards in all directions. Only very fine roots emanate from grass, forming a dense fibrous mass that is
concentrated below individual plants. In areas converted to grass vegetation, A-horizon bulk density is significantly higher due
to the development of transitional AB-horizons that are absent from chaparral areas. Vertical changes between the surface soil
and subsoil are more gradual under grass than under chaparral. The significantly higher frequency of grass plants caused
concurrent transformation of much of the converted areas, removing the layered effect that is observed in the chaparral soils and
allowing spatially homogeneous infiltration, distribution and storage of soil water.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction are interrelated, and a sudden change in one causes

adjustment by the others. On seemingly uniform

Within a landscape, hydrology reflects the balance
between independent factors of geology and climate
and dependent factors including topography, soils and
vegetation (Horton, 1932). These dependent factors
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slopes, hydrology is structured by interactions with
vegetation and soil properties, affecting processes
such as infiltration response and patterns of water
penetration. The long-term, three-dimensional move-
ment of water is, in turn, reflected by pedogenesis, as
products of physical and chemical weathering are
redistributed through the subsurface (Wagenet et al.,
1994). Redistribution of water by the terrain has been
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correlated to spatial variability in A-horizon thickness
(Moore et al., 1993), vegetation production (Demidov
and Gorbenko, 1998) and organic matter accumula-
tion (Stone et al., 1985). Accordingly, it is important
to analyze soil characteristics within landform ele-
ments rather than isolated pedons (Slater et al., 1994).

Because soil physical and hydrologic properties are
related to vegetation type, vegetation conversion can
alter these properties. The physical structure of veg-
etation canopy and roots affects rainfall disposition by
controlling how water is channeled into and through
the soil (Himo et al., 1987; Martinez-Meza and
Whitford, 1996; Specht, 1957). Vegetation type has
been shown to alter soil hydrologic characteristics,
including infiltration capacity, hydraulic conductivity
and water retention (Gutierrez et al., 1995; Himo et
al., 1987). Soil structure, organic matter content and
nutrient concentrations are related to root distribution
(Burke et al., 1987; Lee and Lauenroth, 1994; Marti-
nez-Fernandez et al., 1995).

Vegetation conversion on the San Dimas Experi-
mental Forest (SDEF) in southern California provides
an opportunity to evaluate the decadal effects of
vegetation change on soil characteristics. Analyses
of the relations among vegetation type, water yield
and erosion in the SDEF were undertaken in the 1950s
and 1960s (Corbett and Green, 1965; Hopkins, 1958).
Approximately 40 years later, the introduced vegeta-
tion persists in some watersheds adjacent to native
chaparral watersheds. Our objective was to evaluate
the impact of this vegetation conversion on the soil
physical properties, bulk density and soil thickness,
for example, related to regolith hydrology.

2. Materials and methods
2.1. Environmental setting

The SDEF is a 7000-ha area on the southern flank
of the San Gabriel Mountains. It is representative of
this part of southern California where dry-ravel
(downward movement of dry sediment due to the
steepness of slopes) equals or exceeds surface water-
induced erosion (Kraebel and Sinclair, 1940; Wohlge-
muth, 1985). Slopes in the area range up to 34°
(76%), and bedrock, a mixture of highly weathered
banded gneiss and granitics (Nourse, 1998), is gener-

ally encountered at <60-cm depth. Typic Xerorthents
are the predominant soil type (Ryan, 1991), but Typic
Haploxeralfs are also common. The climate is Med-
iterranean with cool, wet winters and hot, dry sum-
mers. Temperatures range annually from about 38 to
—4 °C. Most precipitation falls as rain and annual
precipitation varies from 292 to 1224 mm, with a
mean of 678 mm (Dunn et al., 1988). The native
vegetation is chaparral, an evergreen, summer-dor-
mant vegetation community (Hanes, 1974). On the
SDEF, this 1-3-m tall, dense canopy, sclerophyllous
vegetation community includes chamise (Adenostoma
fasciculatum), scrub oak (Quercus dumosa), hoary-
leaf ceanothus (Ceanothus crassifolius), black sage
(Salvia mellifera), bigberry manzanita (Artcostaphylos
glauca), California buckwheat (Eriogonum fascicula-
tum) and yorbasanta (Eriodictyon spp.). Some chap-
arral species have roots >8 m deep, so plants can
access water from deep within the soil and bedrock to
survive long dry periods (Hill and Rice, 1963). All
species reproduce after burning; some species re-
sprout from root crowns and some germinate from
seeds (Thomas and Davis, 1989).

After a fire in 1960 burned over 96% of the SDEF,
large areas were rehabilitated using a combination of
manual vegetation removal, herbicide application and
seeding (Dunn et al., 1988) (Fig. 1). One such
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Fig. 1. Development of surface cover after the 1960 fire in
watersheds with native chaparral vegetation and those that
underwent the high-density perennial grass and barley (HDPB)
hand-seeding treatment. Canopy surface cover was measured from
1961 to 1964 (Corbett and Green, 1965). Chaparral provided more
cover in the 4 years immediately after the fire. The barley from the
HDPB treatment did not return after the fourth year.
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rehabilitation method involved high-density hand-
seeding of perennial grasses in watersheds that were
also stabilized by planting barley along contours in
0.6-m intervals (Corbett and Green, 1965; Rice et al.,
1965). Perennial veldt grass (Ehrharta calycina) was
only 15% of the original mixture, but is now the
predominant vegetation in areas of this high-density
perennial grasses and barley (HDPB) treatment.

Veldt grass, native to southern Africa, is adaptable
to mountainous regions with sandy soils and a Med-
iterranean climate (Tothill, 1962). Veldt grass com-
monly occurs in association with other sclerophyllous
vegetation types, including the heath of South Aus-
tralia (Tothill, 1962). No quantitative data are current-
ly available for veldt grass; however Specht (1957)
observed that veldt grass has evapotranspiration ap-
proximately equal to that of heath vegetation. Veldt
grass roots grow as deep as 2.4 m, and new roots grow
at the surface after rain events (Tothill, 1962). As a
result, veldt grass can survive long dry periods and
prevent growth of other species in the spaces between
individual plants (Tothill, 1962). Abundant seed dis-
persal and the ability to re-sprout from the root crown
enable veldt grass to survive low-intensity fires (Smith
et al., 1999).

2.2. Field and lab methods

Zero-order watersheds, or hollows, in the SDEF
drain into larger, first-order stream systems that are
visible on a 1:24,000 map. Low-order drainages are
important in quantitative analysis because of their
similarity in different drainage systems (Horton,
1945). They provide a physical environment that
integrates processes related to vegetation, pedogenesis
and water movement. Six zero-order watersheds,
ranging from 203 to 682 m?, were selected; three
with mixed chaparral vegetation and three with veldt
grass. These watersheds range in elevation from 830
to 920 m, and all have easterly aspects.

Soil and underlying regolith were sampled, and
characteristics were described as a function of water-
shed element. Sample locations were selected in the
same relative element in each watershed. This strategy
was chosen instead of random sampling so that
relations among watershed elements could be com-
pared between vegetation types. Five watershed ele-
ments were identified for analysis in each watershed
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Fig. 2. (a) Schematic of a zero-order watershed. The five elements
discussed in the text are shown. The boundary between the soil and
weathered rock indicates the irregularity of this contact and that it
does not always follow surface topography. (b) Areal extent and
mean slope of each element averaged from all six watersheds used
in the study. Watershed elements are discussed in the text as
belonging to the divide or interior. The side-slope is the most areally
extensive element. The summit is the element with the lowest slope
gradient. Data are reported with bars to show standard error (n=3).

(Fig. 2): (1) channel—in all cases, the channel is non-
incised but distinct; (2) side-slope—connects the in-
terfluve and channel; (3) wedge—a convex-planar,
erosional feature connecting the summit and head of
the channel ; (4) interfluve—the portion of the water-
shed divide that is parallel to the channel; (5) summit—
the highest position in the watershed along the portion
of the divide that is perpendicular to the channel. The
side-slope is the most areally extensive watershed
element and has an average slope representative of
other interior watershed elements (Fig. 2). The summit
represents a small portion of the watershed but is the
area with the least slope gradient.
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Surface cover was measured along randomly ori-
ented 3-m line transects within each watershed ele-
ment. Three chaparral and three grass watersheds
were sampled, for a total of 45 m per vegetation type.
Surface cover was designated as one of four catego-
ries: (1) stems/tussocks (a tussock is a clumped grass
plant); (2) canopy; (3) litter; (4) gravel (mineral
material >2-mm diameter). When multiple layers
of cover (e.g., canopy over litter) were encountered,
only the uppermost type was recorded. Transects were
completed within a 2-day period during the winter
(the time of maximum rainfall). Seasonal soil tem-
perature was measured within the wedge element by
burying NaCl diffusion cells at 50-cm depth (Trem-
bour et al., 1988); temperature was averaged over 3-
month periods (e.g., December 15—March 15).

One watershed of each vegetation type (termed the
focus watersheds) was selected for more detailed study
to link surface and subsurface soil properties with
water movement. At each watershed element, one soil
profile was described (Soil Survey Division Staff,
1993) and sampled by horizon for lab analyses. Data
from Ulery et al. (1995) were used to estimate cation-
exchange capacity and mineralogy of these soils for
classification purposes. Carbon content of oven-dried,
ground soil samples was measured by dry combustion
using a Carlo Erba NA 1500 analyzer (Nelson and
Sommers, 1986). Organic matter was removed with
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Fig. 3. Total surface cover by watershed element, including stems/
tussocks, canopy, litter and mineral material >2 mm diameter.
There is significantly more variability in total surface cover under
chaparral. The cover provided by only stems/tussocks (st) plus
canopy (ca) is shown by the position of the thick black lines. Grass
interfluves have significantly less canopy cover than other grass
watershed elements or chaparral interfluves. Level of significance of
the difference between vegetation types is indicated by *, ** and
% (p<0.05, 0.01 and 0.001, respectively). Cover was sampled
along 3-m transects within each of the five watershed elements in
each of the six watersheds. Data are reported with bars to show
standard error.

30% hydrogen peroxide in preparation for particle size
analysis by pipette (Gee and Bauder, 1986). Bulk
density was obtained by the core method with samples
dried at 100 °C (Blake and Hartge, 1986); core heights

Physical environment created by vegetation, averaged over all watersheds®

Vegetation Surface cover (%)

Roots® (number dm™ ?)

Soil Temperature® (°C)

Stems/  Canopy Litter Total® A-horizon B-horizon C-horizon December— March—  June— September—
tussocks March June September December
Chaparral 0.4+02 63+9 19+5 88+6 25-100 vf 5-100 vf 0-30vf 10.0+£0.5 13.9+0.3 26.6+04 20.0+0.2
1-2f 0-10 f 0-7f
0-1 m,c 1-2m 0-1 m,c
0-2c¢
0-1 ve
Grass 9£2%%* 50+2 2543 92+1 25-200 vf 10-100 vf 0—-100 vf 12.6 +0.5%* 14.0+£0.2 24.1 £ 0.2%** 2]1.8 + 0.4%*
0-1
fm,c,vc®

** *** Indicates a significant difference between vegetation types of p<0.01 and 0.001, respectively.

# Surface cover and roots sampled in all watershed elements; soil temperature sampled within the wedge element.

® Root quantities are summarized from soil description data. vf: very fine (<1 mm diameter); f: fine (1 to <2 mm diameter); m: medium
(2 to <5 mm diameter); c: coarse (5 to <10 mm diameter); vc: very coarse (= 10 mm diameter).

¢ Temperature measured at 50-cm depth.

9 Total includes cover provided by stems/tussocks, canopy, litter and mineral material >2 mm diameter.
¢ Only very fine roots emanate from grass plants; all coarser roots in grass watersheds are from other plant types.
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Table 2
Soil descriptions for side-slope and summit elements
Horizon Depth (cm) Color® Textural class® Structure® Clay films® Roots® (number dm™ %)

Chaparral side-slope—coarse-loamy, mixed, active, thermic Typic Haploxeralf

(6] 1.5-0 7.5YR 2/0

A 0-3 10YR 4/6 sl 2vepl — 2csbk — 1fsbk
Bw 3-10 10YR 4/4 sl Imsbk — 1fsbk

Bt 10-26 10YR 4/6 sl 1fsbk

Bt/Crtf 26-53 7.5YR 5/6 sl 2csbk/weathered bedrock
Crt 53-107 7.5YR 5/8 sl weathered bedrock

Crt2 107145 10YR 6/8 sl weathered bedrock

Crt3 145-158 + 10YR 4/6 sl weathered bedrock

2Crt 10-53 vldm Is weathered bedrock

Chaparral summit—coarse-loamy, mixed, active, thermic Typic Haploxeralf
(¢} 1-0

A 0-4 10YR 4/3 sl 3fpl

Bt/ 4-53 10YR 5/4 1 2msbk

2Crt vldm sl weathered bedrock

Crt 53-88 vldm sl weathered bedrock (1msbk)
Crt2/f 88—118+ vldm Is weathered bedrock (1msbk)
/3Crt" vldm Is weathered bedrock (1msbk)

Grass side-slope—coarse-loamy, mixed, superactive, thermic Typic Haploxeralf
O 3-0

A 0-4 10YR 4/2 sl 2msbk
AB 4-12 7.5YR 3/2 sl 1fsbk

Bt 12-24 7.5YR 6/4 s msbk

2Bt/ 24-59 7.5YR 6/5 sl 2msbk

/Crt" vldm sl weathered bedrock
E 59-61 10YR 7/6 sl 2msbk

n.o.
n.o.

In—pf

In—rf
In—-co

3k—br,rf
3mk—br,rf

3k—rf

3n—rf

In—co,br

4mk—br,rf

2n—co
2n-co

3mk—1f

In—co
In—co
1mk—co
2n-co
In—br
In—pf
2mk—rf,co
vin—co

Vf
100vf
30vf
<10f
2m
S50vf
3f
1m
lc
20vf
5f
Im
<10vf
2f rf
25vf
1f of
1f
<10vf
rf
25vf
2f rf

100vf
If

30vf
1f
Im
lc
25vf
4f

1c
Svf
10vf
If
1m rf
10vf

vf

= 200vf
= 100vf
= 100vfrf

= 30vf

= 100vfrf
n.o.

(continued on next page)



104 T.N. Williamson et al. / Geoderma 123 (2004) 99114

Table 2 (continued)
Depth (cm) Color®

Horizon Textural class® Structure® Clay films? Roots® (number dm ™ 2)

Grass side-slope—coarse-loamy, mixed, superactive, thermic Typic Haploxeralf

Crt 61-92 vldm s weathered bedrock 3mk—rf = 15vfif
Crt2 92—-110+ vldm s weathered bedrock In—co n.o.
Grass summit—coarse-loamy, mixed, superactive, thermic Typic Argixeroll
(¢} 3-0
A 0-4 7.5YR 3/3 sl 3cabk — 2fsbk n.o. = 200vf
AB 4-19 7.5YR 3/3 sl 2msbk vin—co,gr = 100vf
Bt 19-45 7.5YR 3/3 sl 2csbk — 2msbk vin-co = 50vf
ar,cs If Im
Crt 45-97 vldm Is weathered bedrock 3mk—co,rf = 50vf
2BCrt 97-127 10YR 6/6 sl 2csbk — 2msbk In—co,pf = 25vf
Crt2 127-130+ vldm Is weathered bedrock 2mk—co,rf n.o.

# Color is for moist, crushed soil; vldm—variegated light and dark minerals.

b s sand; Is—loamy sand; sl—sandy loam; l—loam; cl—clay loam.

¢ 1—weak, 2—moderate, 3—strong, f—fine, m—medium, c—coarse, ve—very coarse, pl—platy, sbk—subangular blocky, abk—angular
blocky, — parting to, ()—soil structure observed in weathered bedrock.

n.o.—none observed; vl—very few; |—few; 2—common; 3—many; n—thin; mk—moderately thick; k—thick; gr—gravel; cs—coarse

sand; co—colloid stains; rf—rock fractures; br—bridging grains; pf—ped faces.

¢ vfivery fine (< 1 mm diameter); f: fine (1 to <2 mm diameter); m: medium (2 to <5 mm diameter); c: coarse (5 to <10 mm diameter); vc:
very coarse (= 10 mm diameter).

f Combination horizons; where possible, each portion of horizon described separately.

of either 6 or 3 cm were used as dictated by horizon
thickness. Three replicates were sampled from each
horizon. Saturated hydraulic conductivity (Kg,) was
measured on intact soil cores using a constant head
method (Klute and Dirksen, 1986); there was one core
for each soil horizon. Field capacity (— 0.01 MPa) of
the same intact soil cores was measured using Tempe
cells, and wilting point water retention (— 1.5 MPa)
was measured with disturbed soil material on pressure
plates (Cassel and Nielsen, 1986; Klute, 1986); the
difference is reported as plant-available water. Water
repellence of air-dry, sieved soil material was mea-
sured using the water droplet test (King, 1981) in order
to differentiate between soils with no, very low, low
and moderate water repellence; data reported are
averaged from four replicates from each surface hori-
zon. Burrow frequency was measured at the surface
and classified based on maximum diameter of the
burrow; four classes were used (0.5, 0.5-2, 2-5
and >5 cm). Burrows were counted in a randomly
oriented, 1-m? circular area within each watershed
element (including both side-slopes) during the winter.
A total of 18 m? was sampled in each vegetation type.

Infiltration capacity was measured within one
side-slope and one summit element in the two focus

watersheds. At each location, one measurement was
made in a bare area, and one measurement was
centered over a plant for a total of n=4 for each
vegetation type. A 20-cm-diameter single ring was
pounded 5 cm into the soil and a constant 10-cm
head of pressure was maintained (Bouwer, 1986).
The rings for the side-slope were cut to 30° to
approximate the surface slope angle so that the ring
could be pounded into the soil vertically. The 10-cm
head was maintained relative to the center of the
ring. The water used for infiltration included FD and
C Blue no. 1 (Brilliant Blue) food coloring (Flury
and Fluhler, 1995).

The wetting front from the first large rain of the
1999 winter season (64 mm) was used to examine
natural infiltration paths in the two focus watersheds.
Antecedent water content in the upper 15 cm of soil
averaged 2.0 £0.7% (n=6) under chaparral and
0.8 £ 0.2% (n=28) under grass. One pit in the side-
slope element, measuring approximately 1 m wide by
0.5 m deep, was excavated parallel to the slope
contour and water content was mapped on the pit
face using a 5-cm grid (for a total of 69 chaparral and
86 grass measurements). Volumetric water content
was measured in the field using a Trase time domain



T.N. Williamson et al. / Geoderma 123 (2004) 99-114 105

reflectometer (TDR, Soil Moisture, Santa Barbara,
CA), and data were interpolated using Surfer (Golden
Software). The depth of the measurements was deter-
mined by the ability of the TDR probe to be pushed
into the regolith; consequently, there are more obser-
vations under grass.

In order to further examine surface soil differences
between the two vegetation types and to allow for
comparison among the five watershed elements, soils

were described and sampled for bulk density in the
other four zero-order watersheds used for the surface
cover analyses. This provided replicates for each
watershed element for bulk density and horizon thick-
ness from a total of three watersheds per vegetation
type.

Physical and hydrologic data were grouped by
horizon (A and AB, Bw and Bt, and Crt) for
comparison between the two vegetation types. For

Table 3
Selected laboratory data for side-slope and summit soils
Horizon  Depth Sand Silt Clay C o Water retention (cm® cm ™) Plant-available Kot
(cm) %) (%) (%) (%)  (Mgmd) FC? WP water (cm® cm™ ) (cm min~ )
Chaparral side-slope
A 0-3 64 23 13 144 nd 0.074° 0.023° 0.052° n.d.
Bw 3-10 75 21 4 0.75 058 0.94 0.027 0.067 0.11
Bt 10-26 71 24 5 0.79 133 0.23 0.070 0.16 0.15
Bt/Crt* 26-53 71 24 5 0.33 1.52 0.20 0.089 0.11 0.14
Crt2 53-107 68 24 8 0.14 1.62 0.33 n.d. n.d. 0.004
Crt3 107-145 69 27 4 0.09 1.65 0.19 0.078 0.11 0.25
Crt4 145-158+ 62 29 9 0.14 156 0.21 0.11 0.098 0.11
2Crt 10-53 82 15 3 0.20 1.64 0.10 0.049 0.056 0.2
Chaparral summit
A 0-4 63 26 11 3.4 0.57 0.15 0.060 0.094 n.d.
Bt/ 4-53 52 32 16 0.56 1.39 0.27 0.16 0.11 0.26
/2Crt* 74 15 11 028 1.50 0.14 0.090 0.052 0.19
Crt 53-88 72 22 6 0.08 1.62 0.24 0.16 0.079 0.12
Crt2/° 88-118+ 77 17 6 0.06 1.73 0.21 0.17 0.045 0.053
/3Crt° 83 13 4 0.13  1.62 0.25 0.093 0.16 0.32
Grass side-slope
A 0-4 77 17 6 2.7 1.24 0.16 0.11 0.051 2.18
AB 4-12 77 17 6 1.7 1.37 0.16 0.097 0.063 0.70
Bt 12-24 88 9 3 0.10 1.67 0.11 0.070 0.043 0.63
2Bt/Crt° 24-59 70 23 7 0.19 1.66 0.16 0.14 0.022 0.24
E 59-61 63 32 5 0.05 nd. n.d. n.d. n.d. n.d.
Crt 61-92 88 9 3 0.04 1.86 0.10 0.084 0.015 1.40
Crt2 92—-110+ 88 9 3 0.05 190 0.091 0.086 0.0044 3.08
Grass summit
A 0-4 71 24 5 2.2 0.53 0.050 0.050 0.00046 n.d.
AB 4-19 72 22 6 1.6 1.14 0.16 0.083 0.082 1.31
Bt 19-45 73 22 5 091 1.29 0.19 0.076 0.12 1.11
Crt 45-97 81 16 3 0.11  1.59 0.16 0.063 0.095 7.28
2BCrt 97-127 66 26 8 0.18 1.66 0.22 0.076 0.14 2.06
Crt2 127-130+ 74 23 3 0.05 1.60 0.26 0.068 0.20 0.13

 py: bulk density, FC: field capacity (— 0.01 MPa), WP: wilting point (— 1.5 MPa), K, saturated hydraulic conductivity.
® This horizon was too thin to sample for bulk density; water retention was estimated using an average bulk density value computed from the

A horizons of the channel, interfluve and summit elements.

¢ Combination horizons; when possible, each portion of the soil horizon was described separately.
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1.6+0.70

0.94+0.45

0.09240.06
0.06140.06

0.090+0.01
0.086+0.02

0.18+0.03
0.15+0.03

1.46+0.05"
1.71+£0.04

0.32+0.09
0.224+0.06

0.12+0.04
0.094+0.06

0.124£0.003

0.11+0.01"

0.223+0.01
0.2240.02

1.6610.02
Indicates significant difference (p<0.05 and 0.001, respectively) between vegetation types.

" Indicates significant difference (p<0.05, 0.01 and 0.001, respectively) between A- and B-horizons under the same vegetation type.

f Mean values from all five watershed elements for A-, B- and C-horizons in one watershed of each vegetation type.

1.35+0.05
¥ Due to the thin A-horizons under chaparral vegetation, K, was only analyzed for the wedge element; n=4 for p, and n=>5 for all other values since data were grouped by

¥ py: bulk density, FC: field capacity (—0.01 MPa), WP: wilting point (—1.5 MPa), K., saturated hydraulic conductivity.
horizon.

¥ Calculated by difference in retention at 0.01 and 1.5 MPa. Reported with pooled standard error.
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3. Results
3.1. Vegetation environment

There was an average of approximately 90% total
surface cover in both chaparral and grass watersheds
(Table 1). A layered cover, created by canopy over
litter, is common in both vegetation types. However,
a difference in the distribution of cover is evidenced
by the significantly higher variability (p<0.001) in
cover under chaparral, relative to grass (Table 1 and
Fig. 3). The most significant contrast is how the
cover is related to individual plants (st+ca in Fig. 3).
In chaparral watersheds, <1% of the area was
covered by plant stems. In grass watersheds, 9% of
the surface was covered by the base of grass tus-
socks that had diameters of up to 30 cm (Table 1),
indicating the permanence of these perennial grass
plants. Soil temperature in converted watersheds was
significantly warmer (p<0.01) from September to
March and significantly cooler (»<0.001) from June
to September (Table 1).

Surface cover characteristics are reflected in the
subsurface, where the distribution of plant roots is
different between the two vegetation types (Tables 1
and 2). In chaparral watersheds, very fine to very
coarse roots are distributed laterally and vertically,
with very fine roots extending to > 161-cm depth.
Only very fine roots emanate from grass plants, with
roots extending to > 127-cm depth. The grass roots
extend directly below the tussocks, forming a dense,
fibrous mass near the surface that coincides with
areas of dark soil. Occasionally, fine or coarser roots
were observed in grass watersheds when invading
shrubs were present.

Table 5
Water repellence under each vegetation type®

Vegetation® Watershed element

Channel Side-slope Wedge  Interfluve Summit

Chaparral  moderate moderate low none none
Grass moderate moderate moderate moderate very low

#None, very low, low and moderate water repellence based on
water droplet entry times of <1, 1-7, 8—84 and 85-240 s,
respectively (King, 1981).

® Sampled from one watershed of each vegetation type (n=4 for
each surface horizon).

Table 6
Infiltration capacity at side-slope and summit elements®

Vegetation Infiltration Capacity

Bare Area Over plant Average
(cm min~ ") (cm min~ ") (cm min~ ")
Side-slope Summit Side-slope Summit
Chaparral 2.8 1.8 1.6 1.2 1.9+03
Grass 1.7 44 1.5 1.3 22+0.6

 Infiltration capacity was measured within the side-slope and
summit elements in the two primary watersheds. At each location,
one measurement was made in a bare area, and one measurement
was centered over a plant for a total of n=4 for each vegetation type.

3.2. Regolith physical properties

Soil descriptions (Table 2) and laboratory data
(Table 3) are shown for the side-slope and summit
elements for one watershed of each vegetation type.
These examples are representative of soils at other
watershed elements and in other watersheds. Weath-
ered bedrock underlies the soil throughout the SDEF,
and roots of both vegetation types extend into the
weathered bedrock (Cr horizons in Table 2). Thin to
thick clay films are common in the weathered
bedrock. Black stains are present, and strong effer-
vescence with 30% H,0O, confirmed the presence of
manganese oxides. Multiple weathered bedrock hori-
zons, and sometimes multiple parent materials, were
described for each soil profile. Local heterogeneity
due to foliations, fractures and igneous intrusions is
common in this mixture of granitic and gneissic
lithologies. These lithologic heterogeneities cause
no significant difference in the textural class of the
weathered bedrock among the watersheds (Tables 2
and 3). Mean depth to weathered bedrock (Fig. 4)
shows the largest difference between vegetation
types at the summit element, the only position where
depth to weathered bedrock is distinguishable be-
tween grass and chaparral (p=0.10).

In general, grass A-horizons are thicker than those
under chaparral (p=0.06; Fig. 5). For the interior
watershed elements (the channel, side-slope and
wedge), there is indication that grass A-horizons are
thicker than those under chaparral, while at the
interfluve, the A-horizon is thinner under grass rela-
tive to chaparral. Regardless of watershed element, the
A-horizon is thickest below individual grass tussocks.
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Soil descriptions from summit and side-slope
elements provide examples of other pedomorphic
differences between the two vegetation types (Table
2). The range in A-horizon soil color is larger in
grass, relative to chaparral, areas. The value/chroma
of A-horizons under chaparral ranges from 4:3 to
4:6. In grass watersheds, the value of A-horizons
ranges from 3 to 5 and the chroma from 2 to 4. Total
organic carbon (kg m™ %) in the upper 6 cm of soil

a. Chaparral

Depth (cm)

(the mean A-horizon thickness) is not significantly
different between chaparral (137 +31) and grass
(172 + 41).

3.3. Regolith hydrologic properties
Mean soil bulk density was compared for A-, B-

and C-horizons using data from all six watersheds.
The bulk density of A-horizons is significantly lower

Relative Distance (cm)
20 30 40 50 60 70 80 90 100 110

Soil
Moisture
25 (%)
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15

b. Grass

Relative Distance (cm)
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K Filled Burrow

R Coarse Root
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Fig. 6. The wetting front from the January 25—26, 1999 storm (64 mm of rain) was mapped within the side-slope element under chaparral (a)
and grass (b). Before this event, there had been 0.5 mm of rain in the previous 37 days. Volumetric water content (%), shown as shaded
contours, was measured in the field after the storm. Soil and weathered rock were moist under both vegetation types; however, there was a
smaller range in water content under grass. Water content was measured in a 5-cm grid on a pit face. The upper boundary of the sampling grid
was aligned with much of the soil surface. Places where the surface and upper boundary of the sampling grid do not coincide indicate surface
depressions. The nearest plant(s) is shown for each pit. Locations of burrows, coarse roots and cobbles exposed in the pit face are noted; there is
no consistent relation between these features and highs or lows in water content. The size of the letter corresponds to the size of the feature.
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than that for B-horizons under both chaparral
(p<0.001) and grass (p<0.01). The mean A-horizon
bulk density is significantly higher (p <0.001) under
grass compared to chaparral (Table 4).

Mean soil water retention and K, values were
compared for A-, B- and C-horizons using data from
one watershed of each vegetation type (Table 4).
There are no significant differences in plant-available
water retention, the difference in water available
between — 1.5 and —0.01 MPa (“wilting point™”
and ““field capacity”, respectively), between soils
under chaparral and grass. However, average water
retention of grass A-horizons at — 1.5 MPa is signif-
icantly (p<0.05) higher than that of chaparral A-
horizons. Chaparral A-horizons retain significantly
less (p<0.05) water than underlying horizons at all
conditions measured. Under grass, both water reten-
tion and K, are similar throughout the profile.

Water repellence is a soil hydrologic characteristic
commonly associated with chaparral vegetation
(DeBano, 1974) and is an example of a hydrologic
parameter that is spatially discontinuous (Gutierrez et
al., 1995; Imeson et al., 1992). The water droplet test
showed that soils from both vegetation types exhibit
water repellence (Table 5). Accordingly, infiltration
was evaluated using both ponded and natural rain-
event conditions. Infiltration capacity was measured
at the summit and side-slope in the open spaces
between plants and over individual plants. The
average infiltration rate across both vegetation types
(n=8) was 2.04+0.38 cm min '; there was no
difference between vegetation types (Table 6). Dye,
applied as part of the ponded infiltration, showed no
conclusive information regarding flow paths into the
soil. Some dye was observed along insect and animal
burrows, but an analysis of burrow frequency and
size showed no measurable difference between chap-
arral (3.9 + 1.1 burrows m~ ?) and grass (2.1 +0.5
burrows m~ %) watersheds.

The wetting front from the January 25-26, 1999
storm showed differences in how water moves into
and through the soil under chaparral and grass. This
was the first rain event (>0.5 mm) in 37 days
(Larson, 1999), so volumetric water content was
low (2.0 £0.7% under chaparral and 0.8 £ 0.2%
under grass) before the storm. A total of 64 mm of
precipitation fell in 45 h. The wetting front was
described 2 days after it rained. Under chaparral, a

nonuniform wetting front was observed (Fig. 6a),
with an 18% difference in water content within a
distance of 30 cm. Total water content in the upper
50 cm of regolith averaged 65.1 £ 6.1 mm across the
length of the pit face (approximately 1 m), similar to
the precipitation amount of 64 mm. An area of low
water content coincided with roots from a buckwheat
plant that was 10 cm upslope from the left corner of
the pit face. A linear path of relatively high water
content to below 50 cm (the depth sampled) towards
the lower right followed the local bedrock structure
that dips to the north (the lower right side of the pit,
Fig. 6a). Under grass, the wetting front was >80 cm
deep (Fig. 6b). Measured water content ranged from
6% to 17%, two-thirds of the range present under
chaparral. Within the soil (the upper 20 cm), the
average water content under grass (12.6 + 0.6%) was
significantly less (p<0.001) than that under chapar-
ral (20.9 + 0.5%). Total water content in the upper
50 cm of regolith averaged 53.8 £ 2.6 mm across the
length of the pit face, less than that present under
chaparral (p=0.06). One grass plant was located at
the left corner of the pit, and a second plant was
located 60 cm to the right. The weathered bedrock in
this pit was massive, with no obvious joints or
foliations. The weathered bedrock below 45-cm
depth was moist, but too hard to allow insertion of
the TDR probe.

4. Discussion

Four years after the 1960 fire, chaparral provided
50% surface cover and grass cover in HDPB areas
had reached 25% (Corbett and Green, 1965). Chap-
arral stands at this elevation (600—900 m) achieve
approximately 100% surface cover by 22 years
(Hanes, 1971). Both vegetation types provided al-
most complete cover in 1999, but the distribution of
this cover was significantly altered in watersheds
converted to grass (Table 1 and Fig. 3). The fre-
quency of chaparral stems and grass tussocks is the
greatest contrast in surface cover between the two
areas (Fig. 7). In chaparral watersheds, surface cover
is provided by the dense, interlocking canopy of
different species, but plant stems are commonly
separated by >3 m. In grass areas, the dominance
of a single species and high frequency of plants
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Fig. 7. Schematic of the relation between plants and soils in the two vegetation types. Horizontal field of view is approximately 3 m; vertical
dimension not to scale. In chaparral areas (a), plant frequency is low, but the interlocking canopy covers most of the surface. Most organic
matter comes from the extensive canopy, preventing a concentration of organic litter near shrub stems. Chaparral roots extend laterally and
downward from the shrub stem, reflecting the expanse of the canopy. Consequently, lateral variability in A-horizon properties is low because
roots and litter are not concentrated around plant stems. Under grass (b), the canopy, litter and roots are all concentrated around individual
plants, resulting in an accumulation of organic matter in the soil below each plant and producing a laterally variable A-horizon. This
accumulation of organic matter to varying depths under grass results in the development of transitional AB-horizons and a gradual change from

the surface to the subsoil.

suggest a relatively uniform cover and, consequently,
uniform disposition of rainfall. Both chaparral and
grass canopies intercept rainfall, some of which is
ultimately transmitted as stemflow (Beard, 1962;
Clark, 1940; Corbett and Crouse, 1968; Hamilton

and Rowe, 1949; Rowe and Colman, 1951). Conse-
quently, the lateral homogeneity of infiltration under
grass should be increased relative to chaparral areas
simply due to the higher frequency of individual
plants.
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Differences in water movement created by vegeta-
tion surface cover are complemented by the distribu-
tion of roots in the subsurface (Table 2 and Figs. 6 and
7). Nonuniform flow of water into the soil under
chaparral is compounded by the spatially heteroge-
neous distribution of roots that nonuniformly access
water from the soil and weathered bedrock. Homo-
geneous water delivery at the surface in grass water-
sheds is maintained by the fibrous root mass
emanating from each tussock. Lateral uniformity in
water delivery and subsurface distribution probably
increased as a result of the vegetation conversion.
Both chaparral and grass roots extend into the weath-
ered rock. Consequently, the altered distribution of
roots and water in the soil and weathered bedrock may
have changed the mechanical and chemical weather-
ing in watersheds converted to grass compared to
those remaining under chaparral (Canadell et al.,
1996; Drever and Finley, 1993).

The different rooting habits of the plants are
reflected in differences in A-horizon soil color, carbon
distribution and thickness between the two vegetation
types (Tables 2 and 3). Leaf and stem litter are the
primary source of organic matter in chaparral soils, so
carbon concentrations are highest at the surface in the
thin A-horizon (Lossaint, 1973). Accumulation of
organic matter is a dominant process in grassland
soils, and conversion to grassland increases humus
content throughout the upper part of the soil (Buol et
al., 1980; Lepilin, 1989). There is no evidence of a
difference in bioturbation between areas of chaparral
and grass; consequently, the dispersal of carbon
throughout the upper 6 cm of soil and darker colors
under grass are probably a result of root decay and
subsequent additions of organic matter to the soil.
Organic matter content affects water retention and
bulk density (Brady, 1990; Martinez-Fernandez et
al., 1995; Patgiri et al., 1993; Rajkai et al., 1996),
both of which changed as a result of the SDEF
vegetation conversion.

Thicker A-horizons indicate that organic matter is
dispersed through a larger portion of the soil under
grass relative to chaparral, including soil material that
was part of B-horizons prior to the conversion. What
are now grass AB-horizons were originally chaparral
B-horizons. One result is that the mean bulk density for
grass A-horizons (including A- and AB-horizons) is
higher than that for chaparral A-horizons because the

AB-horizon under grass has retained the higher bulk
density of the original B-horizon. The transitional
horizons themselves are further indication of a change
in pedogenic processes as a result of the vegetation
conversion. Similar water holding characteristics
among grass A-, B- and C-horizons (Table 4) create
relatively uniform soil moisture conditions throughout
the profile, providing a homogeneous environment for
new water moving into the soil.

Infiltration and runoff are examples of hydrologic
processes that are structured by interactions with soils
and vegetation(Gutierrez et al., 1995; Imeson et al.,
1992). Water repellence, one such interaction, pre-
vents rain from immediately entering the soil surface
and results in patches of dry soil and local, short-
distance runoff. Chaparral brush species produce
organic substances that coat soil particles and make
the soil water repellent (DeBano and Rice, 1973).
Between fires, these hydrophobic substances accumu-
late in the organic layer and the mineral material
immediately below it, resulting in spatially discontin-
uous water repellence (DeBano, 1981; Imeson et al.,
1992; Ritsema et al., 1993). Three of the five chap-
arral soils exhibited water repellence at the surface
(Table 5), and only one of these showed repellence
below the surface.

Water repellence in Australian grasslands is associ-
ated with fungal hyphae, particularly from basidiomy-
cete fungi (Bond and Harris, 1964). Perennial veldt
grass has been associated with very severe water
repellence (King, 1981). Each of the grass soils ana-
lyzed in this study exhibited water repellence (Table 5),
and in three of the five, repellence extended below the
surface horizon. These data suggest that the spatial
variability in water repellence changed as a result of the
vegetation conversion, and that repellence now extends
deeper.

Water repellence does not seem to inhibit the
infiltration capacity of soils in either vegetation envi-
ronment (the surface material was left intact during
infiltration measurements). Ponded infiltration rates
under both vegetation types exceed recorded rainfall
rates published for the SDEF (Reimann and Hamilton,
1959), decreasing the potential for Hortonian (infil-
tration exceedence) overland flow in either vegetation
environment. However, ponded infiltration measure-
ment does not reveal how water moves into the soil
during natural precipitation events. Examination of
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the wetting front after the first large rainfall of the year
showed that storm water is distributed differently
under the two vegetation types (Fig. 6). Under chap-
arral, the relatively large range in water content (18%
under chaparral vs. 11% under grass) suggests pref-
erential flow. The chaparral wetting front does not
solely follow the bedrock structure, and there is
evidence of preferential flow around a small burrow
as well as away from many larger roots (Fig. 6a).
Under grass, the lower variability in water content,
regardless of the presence of burrows, and deeper
wetting front indicate a more uniform dispersal of
water into and within the regolith relative to chaparral
areas. This type of laterally homogeneous water
movement into the soil, caused by the high frequency
of plants, uniform canopy and root distribution, and
similar soil properties between A- and B-horizons has
been observed in other areas of grass vegetation
(Himo et al., 1987; Lepilin, 1989). The differences
between A- and B-horizons of chaparral soils with
respect to bulk density and water retention are larger
than those under grass. This type of layered soil can
lead to preferential flow (Jury et al., 1991), as was
observed at the chaparral site.

5. Conclusions

Veldt grass was introduced four decades ago in the
SDEF as part of fire-rehabilitation and hydrology
research. Sufficient time has elapsed for the differ-
ence in vegetation to alter soil properties (A-horizon
thickness and carbon distribution) and associated
hydrologic conditions (bulk density, hydrophobicity
and the natural wetting front) in the SDEF water-
sheds. Accumulation of organic matter around the
dense, fibrous, grass roots resulted in transitional
AB-horizons that provide a gradual transition from
the surface to the subsoil. Transitional horizons are
absent from chaparral watersheds, where there is
significant contrast between the hydrologic character-
istics (e.g., water retention and bulk density) of the
thin A-horizon and the subsoil. Soil morphologic
changes in converted areas originate adjacent to grass
tussocks and spread downward and laterally, so the
significantly higher frequency of grass plants has
caused concurrent transformation of much of the
grass watershed.

Acknowledgements

This work is based upon work supported by the
Cooperative State Research Service, U.S. Department
of Agriculture, under Agreement No. 93384208793.
We are also grateful for the USDA-PSW facilities at
the SDEF.

References

Beard, J.S., 1962. Rainfall interception by grass. Journal of South
African Forestry 42, 12—15.

Blake, G.R., Hartge, K.H., 1986. Bulk density. In: Klute, A. (Ed.),
Methods of Soil Analysis: Part 1. Physical and Mineralogical
Methods. Agronomy Monograph. American Society of
Agronomy-Soil Science Society of America, Madison, WI,
pp. 363-375.

Bond, R.D., Harris, J.R., 1964. The influence of the microflora on
physical properties of soils: 1. Effects associated with filamen-
tous algae and fungi. Australian Journal of Soil Research 2,
111-122.

Bouwer, H., 1986. Intake rate: cylinder infiltrometer. In: Klute, A.
(Ed.), Methods of Soil Analysis: Part 1. Physical and Mine-
ralogical Methods. Agronomy Monograph. American Society
of Agronomy-Soil Science Society of America, Madison, WI,
pp. 825-844.

Brady, N.C., 1990. The Nature and Properties of Soils. Macmillan,
New York. 621 pp.

Buol, S.W., Hole, F.D., McCracken, R.J., 1980. Soil Genesis and
Classification. The Iowa State Univ. Press, Ames. 406 pp.
Burke, I.C., Reiners, W.A., Sturges, D.L., Matson, P.A., 1987. Her-
bicide treatment effects on properties of mountain big sagebrush
soils after fourteen years. Soil Science Society of America Jour-

nal 51, 1337-1343.

Canadell, J., et al., 1996. Maximum rooting depth of vegetation
types at the global scale. Oecologia 108, 583 —595.

Cassel, D.K., Nielsen, D.R., 1986. Field capacity and available
water capacity. In: Klute, A. (Ed.), Methods of Soil Analysis:
Part 1. Physical and Mineralogical Methods. Agronomy Mono-
graph. American Society of Agronomy-Soil Science Society of
America, Madison, WI, pp. 901-926.

Clark, O.R., 1940. Interception of rainfall by prairie grasses, weeds,
and certain crop plants. Ecological Monographs 10, 243—277.

Corbett, E.S., Crouse, R.P., 1968. Rainfall Interception by Annual
Grass and Chaparral...Losses Compared. PSW-48 Pacific South-
west Forest and Range Experiment Station, U.S. Forest Service,
Berkeley, CA.

Corbett, E.S., Green, L.R., 1965. Emergency Revegetation to Re-
habilitate Burned Watersheds in Southern California. PSW-22
Pacific Southwest Forest and Range Experiment Station, U.S.
Forest Service, Berkeley, CA.

DeBano, L.F., 1974. Chaparral soils. In: Rosenthal, M. (Ed.), Sym-
posium on living with the chaparral. Sierra Club, San Francisco,
CA, University of California, Riverside, 1973, pp. 19-26.



T.N. Williamson et al. / Geoderma 123 (2004) 99—114 113

DeBano, L.F., 1981. Water Repellent Soils: A State-of-the-Art.
PSW-46. Pacific Southwest Forest and Range Experiment Sta-
tion, U.S. Forest Service, Berkeley, CA.

DeBano, L.F., Rice, R.M., 1973. Water-repellent soils: their impli-
cations in forestry. Journal of Forestry 71 (April), 220—223.
Demidov, V.V., Gorbenko, K.M., 1998. Biological productivity of
different elements of landscape. In: Nagy, G., Peto, K. (Eds.),
Ecological Aspects of Grassland Management. General Meeting
of the European Grassland Federation. Debrecen Agricultural

University, Debrecen, Hungary, pp. 33-35.

Drever, J.I., Finley, J.B., 1993. Weathering and pedogenesis at the
watershed scale: high-elevation catchments in silicate terrains.
Chemical Geology 107, 289-291.

Dunn, P.H., et al., 1988. The San Dimas Experimental Forest:
50 Years of Research. PSW-104 Pacific Southwest Forest and
Range Experiment Station, U.S. Forest Service, Berkeley,
CA.

Flury, M., Fluhler, H., 1995. Tracer characteristics of Brilliant Blue
FCF. Soil Science Society of America Journal 59 (1), 22-27.
Gee, G.W., Bauder, J.W., 1986. Particle-size analysis. In: Klute,
A. (Ed.), Methods of Soil Analysis: Part 1. Physical and Mine-
ralogical Methods. Agronomy Monograph. American Society
of Agronomy-Soil Science Society of America, Madison, WI,

pp. 383—411.

Gutierrez, J., Sosebee, R.E., Spaeth, K.E., 1995. In: Ward, T.J.
(Ed.), Spatial Variation of Runoff and Erosion Under Grass
and Shrub Cover on a Semiarid Rangeland. Watershed Manage-
ment-Planning for the 21st Century. American Society of Civil
Engineers, San Antonio, TX, pp. 11-20.

Hamilton, E.L., Rowe, P.B., 1949. Rainfall Interception by Chap-
arral in California. California Forest and Range Experiment
Station, U.S. Forest Service, Berkeley, CA. 43 pp.

Hanes, T.L., 1971. Succession after fire in the chaparral of southern
California. Ecological Monographs 41 (1), 27-52.

Hanes, T.L., 1974. The vegetation called chaparral. In: Rosenthal,
M. (Ed.), Symposium on living with the chaparral. Sierra Club,
San Francisco, CA, University of California, Riverside, 1973,
pp. 1-5.

Hill, L.W., Rice, R.M., 1963. Converting from brush to grass
increases water yield in southern California. Journal of Range
Management 16 (6), 300—305.

Himo, M., Fujita, K., Shutto, H., 1987. A laboratory experiment on
the role of grass for infiltration and runoff processes. Journal of
Hydrology 90, 303—-325.

Hopkins, W., 1958. More Good Water...Research at San Dimas
Experimental Forest Applying Fundamentals to Entire Water-
sheds. No. 22. California Forest and Range Experiment Station,
U.S. Forest Service, Berkeley, CA.

Horton, R.E., 1932. Drainage-basin characteristics. Eos Transac-
tions, American Geophysical Union 13, 350—-371.

Horton, R.E., 1945. Erosional development of streams and their
drainage basins: hydrophysical applications of quantitative mor-
phology. Bulletin of the Geological Society of America 56,
275-370.

Imeson, A.C., Verstraten, J.M., van Mulligen, E.J., Sevink, J., 1992.
The effects of fire and water repellency on infiltration and runoff
under mediterranean type forest. Catena 19, 345-361.

Jury, W.A., Gardner, W.R., Gardner, W.H., 1991. Soil Physics.
Wiley, New York. 328 pp.

King, P.M., 1981. Comparison of methods for measuring severity of
water repellence of sandy soils and assessment of some factors
that affect its measurement. Australian Journal of Soil Research
19, 275-285.

Klute, A., 1986. Water retention: laboratory methods. In: Klute,
A. (Ed.), Methods of Soil Analysis: Part 1. Physical and
Mineralogical Methods. Agronomy Monograph. American So-
ciety of Agronomy-Soil Science Society of America, Madison,
WI, pp. 635-662.

Klute, A., Dirksen, C., 1986. Hydraulic conductivity and diffu-
sivity: laboratory methods. In: Klute, A. (Ed.), Methods of Soil
Analysis: Part 1. Physical and Mineralogical methods. Agrono-
my Monograph. American Society of Agronomy, Madison, WI,
pp. 687—-734.

Kraebel, C.J., Sinclair, J.D., 1940. The San Dimas experimental
forest. Eos Transactions, American Geophysical Union 21 (1),
84-92.

Larson, D.A., 1999. San Dimas Experimental Forest-Precipitation.
San Dimas Experimental Forest, U.S. Forest Service PSW Re-
search Station, Riverside, CA.

Lee, C.A., Lauenroth, W.K., 1994. Spatial distributions of grass and
shrub root systems in the shortgrass steppe. American Midland
Naturalist 132 (1), 117—123.

Lepilin, LA., 1989. Effect of the age of perennial grasses on the
physical properties of meadow-chernozem soil. Soviet Soil
Science 21 (5), 109—113.

Lossaint, P., 1973. Soil-vegetation relationships in mediterranean
ecosystems of southern France. In: di Castri, F., Mooney, H.A.
(Eds.), Mediterranean Type Ecosystems. Ecological Studies.
Springer-Verlag, New York, pp. 199-210.

Martinez-Fernandez, J., Lopez-Bermudez, F., Martinez-Fernandez,
J., Romero-Diaz, A., 1995. Land use and soil-vegetation rela-
tionships in a Mediterranean ecosystem: El Ardal, Murcia,
Spain. Catena 25, 153—167.

Martinez-Meza, E., Whitford, W.G., 1996. Stemflow, throughfall
and channelization of stemflow by roots in three Chihuahuan
desert shrubs. Journal of Arid Environments 32, 271-287.

Moore, I.D., Gessler, P.E., Nielsen, G.A., Peterson, G.A., 1993. Soil
attribute prediction using terrain analysis. Soil Science Society
of America Journal 57, 443 -452.

Nelson, D.W., Sommers, L.E., 1986. Total carbon, organic carbon,
and organic matter. In: Page, A.L. (Ed.), Methods of Soil Anal-
ysis: Part 2. Chemical and Microbiological Properties. Agrono-
my Monograph. American Society of Agronomy-Soil Science
Society of America, Madison, WI, pp. 539—579.

Nourse, J., 1998. Digital Geologic Map of the Glendora 7.5’ Quad-
rangle, Los Angeles County, California. XXX-98 U.S. Geolo-
gical Survey, Riverside, CA.

Patgiri, D.K., Das, M., Baruah, T.C., 1993. Effect of mechanical
composition and organic matter on soil water retention. Journal
of the Indian Society of Soil Science 41 (3), 544—545.

Rajkai, K., Kabos, S., Van Genuchten, M.T., Jansson, P.-E., 1996.
Estimation of water-retention characteristics from the bulk den-
sity and particle-size distribution of Swedish soils. Soil Science
161 (12), 832—845.



114 T.N. Williamson et al. / Geoderma 123 (2004) 99114

Reimann, L.F., Hamilton, E.L., 1959. Four Hundred Sixty Storms—
Data From the San Dimas Experimental Forest. No. 37. Pacific
Southwest Forest and Range Experiment Station, U.S. Forest
Service, Berkeley, CA.

Rice, R.M., Crouse, R.P., Corbett, E.S., 1965. Emergency Measures
to Control Erosion After a Fire on the San Dimas Experimental
Forest, vol. 970 (19). U.S. Department of Agriculture, Govern-
ment Printing Office, Washington, DC, pp. 123-130.

Ritsema, C.J., Dekker, L.W., Hendrickx, J.M.H., Hamminga, W.,
1993. Preferential flow mechanism in a water repellent sandy
soil. Water Resources Research 29 (7), 2183-2193.

Rowe, P.B., Colman, E., 1951. Disposition of Rainfall in Two
Mountainous Areas of California. 1048. California Forest and
Range Experiment Station, U.S. Forest Service, Berkeley, CA.

Ryan, T.M., 1991. Soil Survey of Angeles National Forest Area,
California. U.S. Forest Service, Glendora, CA, pp. 137-588.

Slater, B.K., McSweeney, K., Ventura, S.J., Irvin, B.J., McBratney,
A.B., 1994. A spatial framework for integrating soil-landscape
and pedogenic models. In: Bryant, R.B., Arnold, R.W. (Eds.),
Quantitative Modeling of Soil Forming Processes. SSSA Spe-
cial Publication. Soil Science Society of America, Madison, WI,
pp. 69—185.

Smith, M.A., Bell, D.T., Loneragan, W.A., 1999. Comparative seed
germination ecology of Austrostipa compressa and Ehrharta
calycina (Poaceae) in a Western Australian Banksia woodland.
Australian Journal of Ecology 24, 35—-42.

Specht, R.L., 1957. Dark Island Heath (Ninety-Mile Plain, South
Australia): V. The water relationships in heath vegetation and
pastures on the Makin Sand. Australian Journal of Botany 5,
151-172.

Soil Survey Division Staff, 1993. Soil Survey Manual. U.S. De-
partment of Agriculture Handbook, vol. 18. U.S. Department of
Agriculture, Washington, DC. 437 pp.

Steel, R.G.D., Torrie, J.H., 1980. Principles and Procedures of Sta-
tistics. McGraw-Hill, New York. 633 pp.

Stone, J.R., et al., 1985. Effects of erosion and landscape position
on the productivity of Piedmont soils. Soil Science Society of
America Journal 49, 987-991.

Thomas, C.M., Davis, S.D., 1989. Recovery patterns of three cha-
parral shrub species after wildfire. Oecologia 80, 309—320.
Tothill, J.C., 1962. Autecological studies on Ehrharta calycina.
Dissertation thesis, University of California, Davis. 234 pp.
Trembour, F., Smith, F.L., Friedman, 1., 1988. Diffusion cells for
integrating temperature and humidity over long periods of
time. Materials Research Society Symposium Proceedings

123, 245-251.

Ulery, A.L., Graham, R.C., Chadwick, O.A., Wood, H.B., 1995.
Decade-scale changes of soil carbon, nitrogen, and ex-
changeable cations under chaparral and pine. Geoderma 65,
121-134.

Wagenet, R.J., Hutson, J.L., Bouma, J., 1994. Modeling water and
chemical fluxes as driving forces of pedogenesis. In: Bryant,
R.B., Amold, R.W. (Eds.), Quantitative Modeling of Soil Form-
ing Processes. SSSA Special Publication. Soil Science Society
of America, Madison, pp. 17-35.

Wohlgemuth, P.M., 1985. Spatial and temporal distribution of sur-
face sediment transport in southern California steeplands. In:
DeVries, J.J. (Ed.), Chaparral Ecosystems Research. ISSN. Cal-
ifornia Water Resources Center, U.C. Davis, Santa Barbara, CA,
pp- 29-32 (May 16-17).



	Effects of a chaparral-to-grass conversion on soil physical and hydrologic properties after four decades
	Introduction
	Materials and methods
	Environmental setting
	Field and lab methods

	Results
	Vegetation environment
	Regolith physical properties
	Regolith hydrologic properties

	Discussion
	Conclusions
	Acknowledgements
	References


